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Context and objectives
Available at low cost in high quantities, lignocellulosic biomass (LCB) is a relevant raw material for  
biorefinery. A large quantity of sugars can be liberated through hydrolysis and give rise to fermentable 
substrates,  however fractionation is  still  a challenge: at  industrial  scale,  steam explosion in acidic 
conditions  is  very  efficient  but  it  generates  compounds such  as  acetic  acid,  furan  derivatives  or 
phenolic compounds that partially inhibit fermenting microorganisms. A detoxification stage is therefore 
essential. Attention has been attracted on nanofiltration membranes that show high rejection of C5/C6 
sugars and low rejection of some target inhibitory compounds ([1],[2]). Based on results obtained on 
synthetic solutions ([3],[4]), the goal of this study was to assess dia-nanofiltration on real hydrolysates 
to produce a fermentable substrate.
Strategy and results
The hydrolysate used in this study comes from wheat straw that has been severely pretreated in order 
to liberate all the sugars contained in the biomass. Therefore, to our knowledge, it presents harsher 
conditions than those encountered in other studies: pH around 1 and a high osmotic pressure (27 bar)  
due to the presence of salts, mainly sulfates.
Prior to nanofiltration, the wheat straw hydrolysate was centrifuged and ultrafiltrated (cut-off 15 kDa) to 
avoid rapid fouling of nanofiltration membranes.
The  first  step  of  the  project  was  to  compare  different  nanofiltration  membranes  regarding  their 
permeability to the hydrolysate and their retention of sugars and inhibitory compounds in an unusually  
high  range  of  pressure  ranging  from  20  to  36  bar.  Within  a  set  of  six  flat-sheet  commercial  
nanofiltration  membranes,  the  DK  membrane  (GE  Osmonics,  USA)  was  selected  for  further 
experiments given its higher retention of sugars (>99%) and lower retention of inhibitory compounds 
(from 15% for acetic acid and furfural to 90% for syringaldehyde and ferulic acid).
In the second step of the study, a filtration mode was selected. Regarding the objective of eliminating 
inhibitory  compounds  below  threshold  values  (determined  in  parallel)  while  maintaining  sugars 
concentration, the diafiltration mode was investigated. The main principle of diafiltration is to maintain 
the volume in feed tank constant by adding water at the same rate as the permeate. Diafiltration can 
be operated in three different modes [5]: continuous, sequential dilution and sequential concentration 
(Figure  1).  As  the  high osmotic  pressure  of  the  hydrolysate  (27  bar)  prevented  the  use  of  the 
sequential concentration mode, only continuous and sequential dilution mode were tested. Results 
showed that for the tested hydrolysate, the continuous mode was more efficient in terms of inhibitory 
compounds removal although this mode was slower than the sequential one (it took around 20% more 
time because of  lower permeability)  for  an equivalent  diafiltration volume (3  times the initial  feed 
volume).  Using dia-nanofiltration technique, the removal of  inhibitory compounds was successfully 
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achieved,  though  phenolic  compounds  (ferulic  acid  and  syringaldehyde)  seemed  to  be  the  most 
difficult  compounds to remove. High retention of sugars was achieved (99%), a significant fraction 
(around 20%) likely adsorbed on the membrane.
During  the  filtration  process,  in  addition  to  sugars  adsorption,  a  fouling  phenomenon  has  been 
observed. To understand the mechanisms involved, the kinetics of adsorption of sugars and inhibitory 
compounds are being studied using two different techniques: measurement of zeta potential of the 
membrane and analysis of contact angles using a goniometer. As molecules adsorb on the membrane 
surface, a modification of the zeta potential value could be observed, allowing adsorption kinetics to be 
determined.  Contact  angle  measurement  gives  information  on  the  hydrophilic  character  of  the 
membrane and its modification through the adsorption of compounds on the surface.
Conclusion and prospects
This work has assessed nanofiltration as an efficient process to remove inhibitory compounds in a  
hydrolysate  obtained  after  a  drastic  pre-treatment  of  wheat  straw.  However,  fouling  and  sugars 
adsorption is to be further considered. Zeta potential in conjunction with contact angle measurement 
could help finding some ways to reduce sugar losses and membrane fouling. Scaling-up with spiral-
wound membranes instead of flat-sheet will need an optimization of operating conditions to obtain the 
highest separation between sugars and inhibitory compounds. 
Figure1. Diafiltration sequential modes
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